Background {#Sec1}
==========

At the end of December, the first case of Covid-19 that a novel coronavirus, which could potentially cause acute infectious pneumonia, emerged from Wuhan, China. As early as 30th January 2020, WHO had declared it as a public health emergency of international concerns, and appealing for efforts to prevent this epidemic \[[@CR1]\]. According to the National Health Commission of China, until 4th February 2020, there had been 24,324 people confirmed to be infected by Covid-19 across 31 provinces in Mainland China \[[@CR2]\]. Due to its high infectiveness, widely and rapidly spread was inevitable. By 23rd April, there have been 84,302 confirmed cases in China. Globally, this figure has surged up to 2,510,122, including 172,241 deaths reported to WHO \[[@CR3]\].

China, as the first nation struck by Covid-19, has taken unprecedented measure to control the virus. Three weeks into the epidemic, indoor facilities such as cinemas and shopping malls were closed, public transportation was suspended and communities were kept under close monitored. The whole country was in lockdown, over 50 million people were quarantined, including confirmed as well as suspected patients. Under this circumstance, people were prone to experience loneliness, anxiety and depression caused by social isolation and fear of being infected. The shortage of personal protective equipment and medical equipment had worsened the situation. Not only the general public was in distressed, healthcare professionals were one of the worst affected by supply shortages. They had to come to work and care for patients knowing that they were very likely to be infected due to insufficient protective equipment. Moreover, excessive workload and extreme working condition had undoubtedly added an enormous mental burden for front line workers. The similar situation during influenza outbreak were shown, researchers suggested that about 10--30% of the population concern or had some degree of concern about being exposed to the virus \[[@CR4]\].

Given that no one fully understands the impact of Covid-19 outbreak has on mental health, many researches were conducted within China. According to researches, mental distress was detected within the nation. However, how significant the distress was varied dramatically. For example, according to Wang and Pan, the percentage of anxiety and depression was 28.8% and 16.5%, respectively \[[@CR5]\]. Yet, another research revealed that 50.4% and 44.6% of all had symptoms of anxiety and depression \[[@CR6]\]. As all available research data had presented to be very inconsistent, it would be useful to analyze the data provided, using an integrated approach to build a clear picture of the impact. To our knowledge, this is the first meta-analysis that identifies the impact of Covid-19 outbreak has on mental health.

Methods {#Sec2}
=======

Search Strategy {#Sec3}
---------------

This study was performed according to the recommendations of the Moose \[[@CR7]\]. Two reviewers independently searched the EMBASE, Web of Science and PubMed to obtain all potential researches, using keywords including Covid-19, mental health, depression, anxiety, depressive and stress. Reviewers also manually searched the references of selected articles to identify any relevant studies. Only English articles were included in this study.

Inclusion and Exclusion Criteria {#Sec4}
--------------------------------

Xin Ren and Wanli Huang reviewed the initial retrieved publications independently. The discrepancy was resolved through discussion by all reviewers. Studies that met the following criteria were included: (1) cross-sectional studies; (2) the nationality of the subjects is Chinese and age \>18 years old; (3) used a standard instrument to assess for mental health conditions. However, articles had incomplete or unidentified data were excluded, as well as abstracts, reviews, case reports, letters and duplicate publications.

Quality Assessment and Data Extraction {#Sec5}
--------------------------------------

Xin Ren and Wanli Huang reviewed each included article independently, using the 11-item checklist that was recommended by the Agency for Healthcare Research and Quality (AHRQ) \[[@CR8]\]. An item would be scored '0' if it was answered 'NO' or 'UNCLEAR' whereas '1' will be given to the answer 'YES'. Article quality was assessed as follows: low quality = 0--3; moderate quality = 4--7; high quality = 8--11. Differences in article quality were discussed to reach an agreeable final score. The following information was extracted: first author, publication time, the sample size, study population, assessment tools, and the number of people who had anxiety and depression.

Statistical Analysis {#Sec6}
--------------------

A random-effect model was used to estimate the pooled proportion of anxiety and depression. Statistical heterogeneity was considered to be present when *p*  \< 0.1 or I^2^ \> 50%. Publication bias was evaluated visually by funnel plots and considered significant when p \< 0.05 in either Begg's test or Egger's test. The subgroup analysis was carried out using the study population and assessment tools. STATA 14.0 software (Stata Corporation, College Station, TX, USA) was also used to conduct different analyses and all statistical tests.

Result {#Sec7}
======

Search Results {#Sec8}
--------------

Our initial search yielded 568 articles in total, 170 of which were removed for duplication. After screening titles and abstracts, further 378 items were taken away. Twenty articles were reviewed, among which 12 were included in this meta-analysis \[[@CR5], [@CR6], [@CR9]--[@CR18]\]. No further study was identified by manual search. The flow diagram of studies selection was shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Flowchart of selection of studies for inclusion in meta-analysis

Study Characteristic {#Sec9}
--------------------

Twelve cross-sectional studies, with 27,475 subjects, met the inclusion criteria and were included for the final meta-analysis. Among the subjects, 21,377 were the general public and 6098 were healthcare professionals. The sample size of the studies ranged from 98 to 7236. Assessment tools used in the studies are list as follows: Patient Health Questionnaire (PHQ-9), Generalized Anxiety Disorder (GAD-7), Self-Rating Anxiety Scale (SAS), Self-rating depression scale (SDS), Impact of Event Scale-Revised (IES-R), Hamilton Anxiety Scale (HAMA), Hamilton Depression Scale (HAMD) and The insomnia severity index (ISI). The main features of the 12 articles were summarized in Table [1](#Tab1){ref-type="table"}. AHRQ scores suggested that all 12 studies scored at eight as high quality.Table 1Characteristics of studies included in the meta-analysisStudyStudy designAge (mean ± sd)Male (%)Assessment toolsCases (n)ParticipantsQuality score\[[@CR5]\]Cross-sectionalNA32.7IES, DASS1210General public8\[[@CR6]\]Cross-sectionalNA23.3PHQ-9, GAD-7, ISI, IES-R1257Healthcare professionals8\[[@CR9]\]Cross-sectional37.7 ± 14.040.3IES263General public8\[[@CR10]\]Cross-sectional32.31 ± 4.8828.3SAS, GSES, PSQI, SASR, SSRS180Healthcare professionals8\[[@CR11]\]Cross-sectional32.71 ± 6.5210SAS, SOS180Healthcare professionals8\[[@CR12]\]Cross-sectional34 ± 1244.5SAS, SDS600General public8\[[@CR13]\]NANA30.35GAD-77143General public8\[[@CR14]\]Cross-sectional35.3 ± 5.645.4GAD-7, CES-D, PSQI7236General public8\[[@CR15]\]Cross-sectionalNA35.8PHQ-4, GAD-2, ISI, SCL-902182Healthcare professionals and general public8\[[@CR16]\]Cross-sectionalNA22.35HAMA, HAMD2299Healthcare professionals8\[[@CR17]\]Cross-sectional29.6 ± 12.6934.7PHQ-9, GAD-798General public8\[[@CR18]\]Cross-sectional32.3 ± 10.032.3WHO-5, GAD-74827General public8

Overall Prevalence of Anxiety among the Population {#Sec10}
--------------------------------------------------

The rate of anxiety within the population reported in nine studies ranged from 9% to 45% (Fig. [2](#Fig2){ref-type="fig"}). Meta-analytic pooling of these rates generated an overall prevalence of 25% (95% CI: 0.19--0.32, *P* = 0.00, I2 = 99.4%), which calculated by random-effects model (*P* \< 0.05), with significant between-study heterogeneity exist (I2 = 99.4%). Hence, to find out the sources of heterogeneity, we used subgroup analysis (Table [2](#Tab2){ref-type="table"}) to evaluate potential sources between the study population and assessment tools. First, the summarized proportion of non-medical staff was 24% (95% CI: 0.16--0.32), while medical staff was 27% (95% CI: 0.12--0.43). Second, the summarized proportion of anxiety assessed by GAD-7 scale was 36% (95% CI: 0.27--0.44). Anxiety evaluated by SAS scale and GAD-2 scale was 14% (95% CI: −0.01-0.30) and 11% (95% CI: 0.06--0.15), respectively. No evidence of publication bias was detected by the Begg's test (*p* = 0.721) and the Egger's test (*p* = 0.925). Sensitivity analysis was carried out to evaluate the influence of a single study on the results of this meta-analysis. We found that no significant changed was observed of 10 values when any one study was removed from this meta-analysis (Fig. [3](#Fig3){ref-type="fig"}).Fig. 2Summarized proportion of anxiety in overall populationTable 2Subgroup meta-analysis by study population and assessment tools for the summarized proportion of anxiety in overall populationVariableSummarized proportion95% CII^2^*P* valueNumber of studiesOverall estimate0.25\[0.19;0.32\]99.4%\<0.019Study populationGeneral public0.24\[0.16;0.32\]99.5%\<0.017Health professionals0.27\[0.12;0.43\]99.4%\<0.013Assessment toolsGAD-70.36\[0.27;0.44\]99.0%\<0.014SAS0.14\[−0.01;0.30\]99.5%\<0.012GAD-20.11\[0.06;0.15\]90.9%\<0.012*CI* Confidence intervalFig. 3Sensitivity analysis of anxiety in overall population

Overall Prevalence of Depression among the Population {#Sec11}
-----------------------------------------------------

Eight of the 12 studies with 19,709 subjects were included for the meta-analysis for overall prevalence, which was 28% (95% CI: 0.17--0.38, P = 0.00, I2 = 99.7%) (Fig. [4](#Fig4){ref-type="fig"}). Subgroup analysis (Table [3](#Tab3){ref-type="table"}) was used to identify possible sources of heterogeneity. The rate of depression was 29% (95% CI: 0.16--0.42) among the general public, whereas 25% (95% CI: 0.04--0.45) among healthcare professions. Additionally, studies conducted by different scales yielded different results of depression prevalence as follows: PHQ-9 scale was 50% (95% CI: 0.48--0.53), and PHQ-4 scale was 11% (95% CI: 0.08--0.13). To investigate the publication bias, we used Egger's test (*p* = 0.594) and the Begg's test (*p* = 0.348) to investigate the publication bias and the result revealed that such bias did not exist. Sensitivity analysis was carried out to evaluate the influence of individual study had on results of this meta-analysis. We found that no significant changed was observed of 9 values when any one study was removed from this meta-analysis (Fig. [5](#Fig5){ref-type="fig"}).Fig. 4Summarized proportion of depression in overall populationTable 3Subgroup meta-analysis by study population and assessment tools for the summarized proportion of depression in overall populationVariableSummarized proportion95% CII^2^P valueNumber of studiesOverall estimate0.28\[0.17;0.38\]99.7%\<0.019Study populationGeneral public0.29\[0.16;0.42\]99.7%\<0.016Health professionals0.25\[0.04;0.45\]99.7%\<0.013Assessment toolsPHQ-90.50\[0.48;0.53\]93.4%\<0.012PHQ-40.11\[0.08;0.13\]74.8%*P* = 0.0472*CI* Confidence intervalFig. 5Sensitivity analysis of depression in overall population

Discussion {#Sec12}
==========

According to Robert G. Maunder, Severe Acute Respiratory Syndrome (SARS) should not be considered as mental health catastrophe. Since the virus would unlikely to mutate and patients would only become the source of infection when they were symptomatic, authorities had been able to identify cases efficiently and to isolate infected individuals \[[@CR19]\], which limited spread of the disease and therefore had provided reassurance for people.

However, unlike typical respiratory viruses that are most contagious when a patient is symptomatic, Covid-19 was very different. A study looking into 94 Covid-19 patients has proved that human-to-human transmission can occur during the asymptomatic incubation period \[[@CR20]\], which can be as long as 14 days. Alarmingly, according to a case reported by one Germany researcher and as well as studies conducted in China, people who suffered from subclinical or mild symptoms of the disease possessed the same viral load to patients who exhibited symptoms \[[@CR21], [@CR22]\]. In fact, 44% transmissions of the virus occurred before people got sick \[[@CR20]\]. As a result, traditional containment measures struggle to be effective as expected. Although fatality rate was about 0.3--0.6%, because of its distinctive characteristic that make it so difficult to contain, Covid-19 should be recognized as health catastrophe that would cause people great and sudden sufferings \[[@CR23]\].

According to Hall, R.C.W. et al., during the outbreak of an infection, people's mental health would be affected profoundly and immensely \[[@CR24]\]. For the general public, myths and misinformation about the virus, fueling health-related fears and concerns, together with shut down of infrastructures trigger a series of emotional stress response including anxiety and other negative emotions. Healthcare professionals, being exposed to this new and highly contagious pathogen, are heavily burdened with excessive workload, shortage of personal protection equipment and feeling lack of support. Some researchers have been done to find out how the Covid-19 outbreak affects people's mental health. According to one research conducted by Cuiyan Wang et al., 16.5% of respondents (the general public) reported moderate to severe depressive symptoms, and 28.8% reported anxiety symptoms to the same extent \[[@CR5]\]. Another study has shown that a depression rate of 17.7% and an anxiety rate of 6.33%. Furthermore, there were a lot more research data that had presented to be varied considerably in both rates \[[@CR6], [@CR25]\]. As a result, the study we conducted can help to identify the mental burden of the public and therefore, to improve future mental health care.

In this meta-analysis, the percentage of mental disturbance (anxiety and depression) was calculated, using data from 12 articles, including 27,475 individuals. Overall, the pooled prevalence of anxiety was 25%. Because of the high heterogeneity discovered in this article (I2 = 99.4%), we performed subgroup analysis, which included study population and assessment tools to identify the source of heterogeneity. Nevertheless, heterogeneity of both groups was over 50%. Sensitivity analysis found no significant changed was observed of 10 values when any one study was removed. No publication bias was discovered analyzed by the Begg's test (*p* = 0.721) and the Egger's test (*p* = 0.925). Besides, we also calculated the pooled prevalence of depression, which was 28%. Similarly, the heterogeneity was high as well, and subgroup analysis indicated that the result was higher than 50%. Sensitivity analysis revealed that after removing nine values, there was no significant changed observed. Egger's test (*p* = 0.594) and the Begg's test (*p* = 0.348) were carried out, but no publication bias was discovered. The results must be interpreted with caution because the significant heterogeneity was detected in studies.

We cannot identify if there is any different impact these infectious diseases had on mental health because there were relatively small numbers of articles that analyzed what was the influence SARS had on mental health, and even fewer articles analyzed the relationship between Middle East Respiratory Syndrome (MERS) and mental health. But fortunately, some researches of Post-SARS psychology had provided valuable information for governments and mental health organizations to prepare for the current outbreak. Authorities had paid crucial attention to maintain people's well-being mentally and physically. For instance, hot-lines were set up to deal with the Covid-19 related issues, and handbooks with advice on how to look after individual mental health during the outbreak were given out \[[@CR26]\]. Thanks to advanced technologies, daily updates of the disease and latest government advice and policies were accessible anytime online. Extensive information was made available to the general public to ease people's anxiety. However, as a consequence of large-scale social isolation, people were not only worried about contracting the virus, they were also worried about their love ones \[[@CR27]\]. The uncertainty of how the future would be and how those measures would affect the stability of society and the economy was causing lots of concerns.

This study had several limitations. Firstly, the sample size of this meta-analysis was relatively small. As a result, the unknown risk of bias caused by incomplete data could constrain our results. Secondly, the data collected by QR code or link in these studies only demonstrated the figures of people who concern about mental health but not those who have no interested in joining this kind of surveys. People who have no interested in mental health would not join the studies. Since most data were collected via online platforms or smartphone applications, older people would have troubles to take part in. The statistic can only reflect the mental status of the people who have access to the Internet or smartphone. Thirdly, not all the studies had collected data about subjects' social status and incomes, which also affect their ability and perception when experiencing psychological distress. Fourthly, it is notable that studies included in this meta-analysis used entirely self-report inventories as assessment tools, which had an inconsistent sensitivity and specificity for detecting anxiety and depressive symptoms. Instruments such as the SCL-90 have low specificity, although it is a cost-effective instrument, particularly in epidemiological surveys. Finally, some studies reported the response rate but did not contact the non-respondents for the reasons why they did not participate in the surveys. Therefore, those non-respondents were too stressed to respond or not interested in the surveys is hard to tell. These factors are partly responsible for the prospective heterogeneity source of pool prevalence of anxiety and depression. Much remain to be learned to cast light upon this phenomenon in the future.

Conclusion {#Sec13}
==========

In summary, our meta-analysis showed that the pooled prevalence of anxiety and depression was 25% and 28%, respectively. Given the fact that previous findings indicated both groups of people suffered from stress \[[@CR9], [@CR25]\], and healthcare professionals continue to experience substantial psychological distress, even 1--2 year after the SARS outbreak \[[@CR28], [@CR29]\], we should continue perfecting our psychological first aid system. As the epidemic is ongoing, not only the people but also our healthcare systems need to be prepared. This meta-analysis highlights the need for setting up a comprehensive crisis prevention system, which integrating epidemiological monitoring, screening and psychological interventions.
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